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Summary. The purpose of this study was to further characterize the multi-antimicrobial resistance and antibiotic resistance 
gene expression associated with multi-drug resistance (MDR) in Salmonella spp. isolates from retail meats in Hanoi, Vietnam. 
A total of 14 Salmonella spp. belonging to 9 serotypes (e.g., Warragul, London, Derby, Indiana, Meleagridis, Give, Rissen, 
Assine, and Typhimurium) were tested for sensitivity to 8 antibiotics. Resistance to at least one antibiotic was shown in 13 
strains (92.85%). The multiple antimicrobial resistances accounted for 64.29% of isolates (9/14). One hundred percent of MDR 
isolates possessed antibiotic resistant genes, in which 17, 16 and 11 genes were found in Salmonella (Salm) Typhimurium S360, 
S384, S181 respectively; 12 genes in each strain as Indiana, Warragul, and Meleagridis; 11 genes in Give, 8 genes in Derby and 
6 genes in Rissen. Three antibiotic resistance genes (ssaQ, aadA, and gyrB) were present in all isolates, whereas Cephalosporin-
resistant gene (e.g., CTX-M3-like) was not detected in any isolates. The results suggest that retail meats could constitute a 
source of human exposure to multi-drug resistant Salmonella and future research should focus on the impact of these MDR 
source on the human genome. [Int Microbiol 20(2): 85-93 (2017)]
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Introduction
The increasing human population around the world places a 
huge demand on food in order to ensure the survival of man-
kind. It exerts pressure on a number of food industries as an 
effort to satisfy the increasing food demand. At the same time, 
food poisoning with the cause of contaminating bacteria is 
also increasing and greatly affecting human health. Salmonel-
losis is one of the most major causes of foodborne infections 
in the world and it is still one of the most widespread food-
borne bacterial illnesses in humans [26]. The presence of Sal-
monella in retail meat and its related products has often 
caused them to be unsafe for human consumption [6]. Salmo-
nella is associated with approximately 2500 serovars. Se-
rovars are generally found in animal origin products include 
Salm. Enteriditis, Salm.Typhimurium, Salm. Gallinarum, 
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Salm. Weltevreden and Salm. Infantis. These vehicles that 
cause infection appear to be more prevalent in poultry than in 
any other food animal [15].
The worldwide increase of foodborne infections associat-
ed with antibiotic resistant pathogens and the spread of antibi-
otic resistance is one of major concern in both developed and 
developing countries [10]. The use of antibiotics in any ven-
ue, including disease treatment and growth promotion in do-
mestic livestock, can potentially lead to widespread dissemi-
nation of antibiotic resistant bacteria [17,39]. Increasing evi-
dence demonstrates that antimicrobial usage in animals pro-
motes the emergence of a wide range of resistant zoonotic 
pathogens such as Salmonella, which compromises the effec-
tiveness of antibiotic treatments used in humans when an in-
fection occurs [19]. Therefore, surveillance of multiple anti-
microbial resistance and resistance genes expression associ-
ated with multi-drug resistance in pathogenic bacteria such as 
Salmonella is crucial for providing information on the magni-
tude and tendency of resistance in foodborne pathogens in 
each country [2]. 
Salmonella strains resistant to antimicrobial drugs are 
now increasing because of selection from the use of antimi-
crobial drugs [34,40]. Various studies have focused on inves-
tigating the prevalence of antimicrobial resistance and resis-
tance genes in Salmonella such as Thailand and Laos [32], the 
United States [16], Japan [31], China [24], Vietnam [36], the 
UK [26], and Mexico [29]. In recent years, contamination and 
antibiotic resistance of Salmonella isolates from foodstuffs 
and animals in Vietnam are increasing due to the use disorder 
of antibiotics in disease treatment and domestic livestock 
[36,35]. Thus, assessing the distribution of antimicrobial re-
sistance genes in Salmonella will represent a more detailed 
and potentially useful tool for improving our understanding of 
antimicrobial resistance epidemiology, particularly in Hanoi, 
where such information is also disorderliness.
Material and methods
Bacterium strains. A total of 14 strains were serotyped and received 
from laboratory in Institute of Genome Research (Hanoi, Vietnam) (listed in 
Table 1) including 1 Warragul, 1 London, 4 Derby, 1 Indiana, 1 Meleagridis, 
1 Rissen, 1 Give, 3 Typhimurium and 1 Assine. The originated strains from 
pork, beef and chicken meat at retail markets in Hanoi, Vietnam.
Antibiotic susceptibility testing. The antimicrobial susceptibility 
test was performed according to the Clinical and Laboratory Standards Insti-
tute (CLSI-2015) [9] and used the disk diffusion method as Kirby-Bauer’s 
description. The isolated strains were grown overnight in Brain Heart Broth 
Infusion (Biolife-Italia) and prepared in a lawn on Mueller-Hinton agar [20]. 
The antibiotic disks were placed aseptically on it and incubated at 37°C for 
16–18 hours. The results were recorded by measuring the inhibition zones 
and scored as sensitive, intermediate, and resistant according to guide in 
CLSI-2015. The eight tested antimicrobials were often used in husbandry and 
treatment of animal farms as well as human diseases in Vietnam, namely, 
ampicillin (AM) 10 µg, ceftazidime (CAZ) 30 µg, gentamicin (GN) 10 µg, 
streptomycin (S) 10 µg, ciprofloxacin (CIP) 5 µg, chloramphenicol (C) 30 
µg, tetracycline (TE) 30 µg, and trimethoprim/sulfamethoxazole (SXT) 
1.25/23.75 µg (BD Diagnostics).
Total RNA extraction and cDNA synthesis. Total RNA was ex-
tracted from one milliliter of Brain Heart Broth Infusion contained 108 Salm 
bacteria as the manufacturer's protocol (TRIzol Reagent, Life Technologies 
Inc.). The RNA was treated with RNase-free DNase to remove contaminating 
genomic DNA. RNA quality and quantity were determined with a NanoDrop 
ND-1000 spectrophotometer (NanoDrop® Technologies, Thermo Scientific) 
by measuring the absorbance at 260 nm and the ratio of A260/A280, respec-
tively. RNA integrity was confirmed by gel electrophoresis, stained with 
ethidium bromide, and visualized under UV light using a gel documentation 
system (Herolab, Wiesloch, Germany). The total RNA samples were reverse-
transcribed with oligo-dT primers of SuperScript III (Invitrogen) as the man-
ufacturer's instructions. The prepared cDNA samples were stored at −20 °C 
until use.
Reverse transcription polymerase chain reaction (RT-PCR) 
methods. The target genes were detected in the MDR Salmonella spp. 
isolates including Βeta-lactams (blaTEM), Cephalosporin (CTX-M3-like), 
Quinolones (gyrB), tetracyclines (tetA, tetB, tetC), sulfonamides (sul I, sul II, 
sul III, sodC1), chloramphenicol (cmlA, cat2, floR, avrA, ssaQ, mgtC) and 
Table 1. Salmonella strains used in this study
ID Description Source of sample (Year)
Salm 1 Salmonella Warragul Chicken (2016)
Salm 2 Salmonella London Pork (2016)
Salm 3 Salmonella Derby Pork (2016)
Salm 4 Salmonella Indiana Chicken (2016)
Salm 5 Salmonella Derby Pork (2016)
Salm 5.1 Salmonella Meleagridis Pork (2016)
Salm 6 Salmonella Derby Pork (2016)
Salm 7 Salmonella Give Pork (2016)
Salm 7.1 Salmonella Rissen Chicken (2016)
Salm 8 Salmonella Typhimurium S360 Beef (2016)
Salm 9 Salmonella Derby Pork (2016)
Salm 10 Salmonella Assine Chicken (2016)
Salm 11 Salmonella Typhimurium S384 Pork (2016)
Salm 12 Salmonella Typhimurium S181 Pork (2016)
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aminoglycosides (aph3-IIa, aphA, aadA, aac3-IIa, strA) by RT-PCR method. 
The sequence primers and annealing temperature conditions were described 
in Table 2. Briefly, the RT- PCR was performed in 20 μl lumes containing 2 
μl of 10X buffer (100 mmol/l Tris-HCl [pH 9], 1.5 mmol/l MgCl2, 500 mmol/l 
KCl, 0.1% gelatin), 2 μl of 100 μmol/l concentrations each of dATP, dTTP, 
dGTP and dCTP, 0.5 μl of 5 pmol of each primer, and 0.2 μl of 5U of Taq 
DNA polymerase (Bangalore Genei, Bangalore, India), with 1.0 μl of cDNA 
templates. The reactions were carried out by using an Eppendorf’s Mastercy-
cler pro (Eppendorf, German). A lume of 8 μl of PCR product was loaded on 
2% agarose gel and stained with ethidium bromide. The gel photograph was 
scanned and analyzed using Quantity One program (Gel Doc EQ; Bio-Rad, 
Hercules, CA).
Statistical analyses. Data were analyzed by one-way ANOVA, followed 
by Tukey’s test for multiple comparisons of columns. Statistical analysis was 
performed using GraphPad Prism5 for Windows Edition (GraphPad Software 
Inc., La Jolla, CA). A P value of < 0.05 was considered statistically significant. 
The occurrence of differences in ratio of sensitive/ resistant antibiotics among 
Salmonella isolates or antibiotic groups was verified using Fisher’s exact prob-
ability test. The rejection value for the null hypothesis was P ≤ 0.05.
Results
Antimicrobial susceptibility of the Salmonella 
isolates. All the fourteen isolates of Salmonella were test-
ed to a panel of eight antibiotics. Total 13/14 (93%) of these 
Salmonella isolates were resistant to at least one antimicrobial 
agent and 9/14 (64.29%) of the strains demonstrated the multi 
antimicrobial resistance (e.g., Salm 1, 4, 5.1, 6, 7, 7.1, 8, 11, 
and 12). The Salmonella strains (n = 13) exhibited antimicro-
bial resistance towards S (84.6%, 11⁄13), TE (84.6%, 11⁄13), 
C (61.54%, 8⁄13), AM (53.84%, 7⁄13), SXT (53.84%, 7⁄13), 
Table 2. Primers used for the detection of antibiotic resistance genes in Salmonella spp. isolates
Gene Forward/ Reverse primer (5′-3′) Annealing temp (°C) Size (bp)
tetA TTGGCATTCTGCATTCACTC / GTATAGCTTGCCGGAAGTCG 55 494
tetB CAGTGCTGTTGTTGTCATTAA / GCTTGGAATACTGAGTGTAA 55 570
tetC AGGTAAACGCCATTGTCAGC / AAGCCGCGGTAAATAGCA 55 594
sul I TGGTGACGGTGTTCGGCATTC / GCGAGGGTTTCCGAGAAGGTG 57 789
sul II CCTGTTTCGTCCGACACAGA / GAAGCGCAGCCGCAATTCAT 57 434
sul III ATGAGCAAGATTTTTGGAATCGTAA / CTAACCTAGGGCTTTGGATATTT 57 791
sodC1 AACGGATACGTGGCTGTACC / CGGTCTGCTTTTCACTCCTC 55 243
cmlA GGCCTCGCTCTTACGTCATC / GCGACACCAATACCCACTAGC 55 682
cat2 AACGGCATGATGAACCTGAA / ATCCCAATGGCATCGTAAAG 55 546
floR ATGACCACCACACGCCCCG / AGACGACTGGCGACTTCTCG 57 1212
avrA GTTGAGGACCAAAGCAGCTC / TCACCACACAGACGTTCACA 55 192
ssaQ AATGAGCTGGGTAGGGTGTG / ATGCAACGCTAGCTGATGTG 55 216
mgtC TGTCTCTGGGATTGGCTTTC / TTCTCCCTCAGCGGATATTG 55 232
aph3-IIa TCTGAAACATGGCAAAGGTAG / AGCCGTTTCTGTAATGAAGGA 55 581
aph A1 ATGGGCTCGCGATAATGTC / CTCACCGAGGCAGTTCCAT 55 600
aadA GTGTCACAGGCGATACGTTG / GAACCAGCTGCGAATAAAGC 55 228
aac3-IIa CGGCCTGCTGAATCAGTTTC / AAAGCCCACGACACCTTCTC 55 438
strA CTTGGTGATAACGGCAATTC / CCAATCGCAGATAGAAGGC 55 548
blaTEM GCACGAGTGGGTTACATCGA / GGTCCTCCGATCGTTGTCAG 57 310
gyrB CTGCGCTATCACAGCATCAT / CGCGATGGAAATCTGGTACT 55 219
CTX-M3like GGAATCTGACGCTGGGTAAA / GGTTGAGGCTGGGTGAAGTA 55 232
16SrRNA AGAGTTTGATCMTGGCTCAG / CCGTCAATTCMTTTRAGTTT 55 907
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GN (16.66%, 2⁄13), and CIP (7.69%, 1/13). All strains were 
susceptible to CAZ (Table 3). The most common multi-drug 
resistant profiles were observed (C, TE, SXT, S, and AM) and 
(AM, S, and TE) (Table 4).
Antibiotic resistance gene expression of MDR 
Salmonella isolates. All of the nine MDR Salmonella 
isolates were selected to determine the association between 
the antimicrobial resistance results and mRNA levels of the 
antibiotic resistance genes by RT-PCR amplification of the 
twenty-one genes. A total of 20 different antibiotic resistance 
genes were identified in all MDR Salmonella isolates (Tables 
4 and 5).
All MDR Salmonella isolates possessed antibiotic resis-
tant genes, in which 17 genes were found in Salm 8; 16 genes 
in Salm 11; 12 genes in each Salm 4, 1, and 5.1; 11 genes in 
Table 3. Susceptibility results of Salmonella isolates
Isolate
Antibiotics Ratio 
R/S (P)AM CAZ GN S CIP C TE SXT
Salm 1 S S S S S R R R 3/5 (0.62)
Salm 2 S S S R S S R S 2/6 (0.13)
Salm 3 S S S R S S S S 1/7 (0.01)
Salm 4 R S R R R R R R 7/1 (0.01)
Salm 5 S S S R S S R S 2/6 (0.13)
Salm 5.1 R S S R S R R R 5/3 (0.61)
Salm 6 R S S R S S R S 3/5 (0.62)
Salm 7 R S S R S R R R 5/3 (0.61)
Salm 7.1 I S S R S R R R 4/3 (1.00)
Salm 8 R S S R S R R R 5/3 (0.62)
Salm 9 S S S S S S S S 0/8 (0.02)
Salm 10 S S S S S R S S 1/7 (0.01)
Salm 11 R S R R S R R R 6/2 (0.13)
Salm 12 R S S R S S R S 3/5 (0.62)
Ratio R/S 7/6 0/14 2/12 11/3 1/13 8/6 11/3 7/7
(P) (P = 1) (P = 0.001)
(P = 
0.004)
(P = 
.007)
(P = 
0.007) (P = 0.7)
(P = 
0.007) (P = 1)
Table 4. Multi-drug antimicrobial resistance profile of Salmonella isolates
Number of antimicrobial resistance Antimicrobial resistance pattern (number of isolates) Number of isolates (%)
Three C, TE, SXT (1); AM, S, TE (2) 3 (33.33)
Four C, TE, SXT, S (1) 1 (11.13)
Five C, TE, SXT, S, AM (3) 3 (33.33)
Six C, TE, SXT, S, AM, GN (1) 1 (11.13)
Seven C, TE, SXT, S, AM, GN, CIP (1) 1 (11.11)
Total 9
Abbreviations: S: sensitive, R: resistant, I: intermediate; AM (ampicillin), CAZ (ceftazidime), GN (gentamicin), S (streptomycin), 
CIP (ciprofloxacin), C (chloramphenicol), TE (tetracycline), SXT (trimethoprim-sulfamethoxazole).
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Salm 12, and 7; 8 genes in Salm 6; and 6 genes in Salm 7.1. 
There were 3 antibiotic resistance genes per total 20 differen-
tially gene expression (e.g., ssaQ, aadA, and gyrB) were ex-
pressed in all isolates, whereas Cephalosporin-resistant gene 
(CTX-M3-like) was not detected in any isolates (Table 5). 
Table 6 has shown the fold change of mRNA levels between 
the resistant genes and housekeeping gene (16S rRNA gene) 
from all Salmonella isolates. The results were shown the un-
relationship between the prevalence of an antibiotic resistance 
gene expression and the resistant phenotype in some Salmo-
nella isolates. For example, the tetA, tetB, tetC genes were 
undetected in TE-resistant as Salm 7.1, and the SXT-resistant 
Salm 7.1 did not carry sul I, sul II, sul III, and sodC1 genes, 
while the blaTEM gene was expression (0.5 fold) in AM-sus-
ceptible Salm 1, gyrB gene expression varied from 0.6 fold to 
1.32 fold in CIP-susceptible strains. In other words, these an-
tibiotic resistance genes expressions did not correlate with the 
number of antibiotics to which a particular strain showed re-
sistance. The cross-resistance to antibiotics is generally a 
combination of mechanisms, permeability (several antibiotics 
use the same way to enter or leave the cell), and changes in 
target and enzymes. Therefore, further studies are needed.
Discussion
The present study, about the global antibiotic resistance genes 
in MDR Salmonella serovars isolated from Hanoi, revealed a 
high antimicrobial resistance in Salmonella spp. isolated from 
retail chicken, beef and pork meats. The high levels of resis-
tance were found to three or more of antimicrobials (64.28% 
of isolates), which were higher than other studies conducted 
in Vietnam [30,35,36 ], China [5] and somewhere in the world 
[4,27], but lower than figures reported from elsewhere as Ro-
mania, Egypt, Japan, and Laos [1,3]. This difference may be 
due to the increasing rate of inappropriate utilization of anti-
biotics in the farms and humans, which increased the advan-
tage of maintaining resistance genes in bacteria [29,42]. 
Some researchers reported that the isolates of Salmonella 
from food items were resistant to the commonly used 
[5,21,38]. The results of the current research also indicated 
the resistance of Salmonella isolates to commonly used anti-
microbials, including streptomycin and tetracycline (78.57%). 
Followed by resistance to chloramphenicol (57.14%), ampi-
cillin and trimethoprim-sulfamethoxazole (50%), gentamicin 
(14.28%) and ciprofloxacin (7.14%). The high resistance to 
tetracycline was not surprising since tetracycline is widely 
used in Vietnam, both in human and veterinary medicine. This 
finding is in line with previous reports from Romania (66.6% 
of isolates) [38], Tokyo (77.8% of isolates) [21], Colombia 
(60.8% of isolates) [11b] and China (66.3% of isolates) [25]. 
Here, ceftazidime showed a good antimicrobial activity 
against in all isolates and no cephalosporin-resistant gene was 
detected. This result is the same as previously reported by 
Donado-Godogy [11b], Tiziu [38], Andoh [2] and lower than 
the reports by Katoh [21] from Tokyo who reported a resis-
tance rate of 0.2%, or by Mihaiu from Romania with a resis-
tance rate of 11.4% [28], and Thong (8%) [37]. Even though 
ceftazidime has been widely available the reason for its ef-
fectiveness until this time need investigations. Besides, the 
resistance to ampicillin and trimethoprim-sulfamethoxazole 
were found to be 50%, notably higher than the resistance re-
Table 5. Antibiotic resistance gene profiles of MDR Salmonella isolates
Isolates Antimicrobial-resistant gene(s) Number of genes (%)
Salm 8 tetA, tetB, tetC, sul II, sul III, sodC1, blaTEM, gyrB, cmlA, cat2, floR, avrA, ssaQ, mgtC, aph3-IIa, aadA, aac3-IIa 17/21 (80.95)
Salm 11 tetA, tetB, tetC, sul II, sodC1, blaTEM, gyrB, floR, avrA, ssaQ, mgtC, aph3-IIa, aphA1, aadA, aac3-IIa, strA 16/21 (76.19)
Salm 1 tetA, sul I, sul II, blaTEM, gyrB, cmlA, floR, avrA, ssaQ, mgtC, aph3-IIa, aadA 12/21 (57.14)
Salm 4 tetA, sul I, sul II, blaTEM, gyrB, cmlA, floR, ssaQ, mgtC, aph3-IIa, aphA1, aadA 12/21 (57.14)
Salm 5.1 tetA, sul II, sul III, blaTEM, gyrB, cmlA, cat2, floR, avrA, ssaQ, mgtC, aadA 12/21 (57.14)
Salm 7 tetA, sul II, sul III, blaTEM, gyrB, cmlA, cat2, floR, avrA, ssaQ, aadA 11/21 (52.38)
Salm 12 tetA, sul II, sodC1, blaTEM, gyrB, cmlA, avrA, ssaQ, mgtC, aadA, strA 11/21 (52.38)
Salm 6 tetA, blaTEM, gyrB, cmlA, floR, avrA, ssaQ, aadA 8/21 (38.1)
Salm 7.1 gyrB, floR, avrA, ssaQ, mgtC, aadA 6/21 (28.57)
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ported in other countries [4,37,41], may be due to both ampi-
cillin and SXT are frequently used in animal and humans 
therapy in Vietnam. 
CIP-resistant gene (gyrB) occurred most frequently in our 
study, and also detected in both CIP-susceptible and resistant 
isolates. All of the nine C-resistant and C-susceptible isolates 
carried ssaQ gene. Likewise, all of the nine aminoglycosides 
resistant and susceptibility isolates carried aadA gene. TET-
resistant genes were also detected in one TET-susceptible iso-
late. Therefore, it can be seen that identification of resistance 
machanisms based on gene expression analysis may be com-
plicated when several mechanisms affect the same class of 
antibiotics are at work [12]. Thus, the present results and 
those of Deekshit [11] have agreed that some antimicrobial 
resistant genes are “silent” in bacteria in vitro; it further pro-
vides an indication that these silent genes can spread to other 
bacteria or turn on in vi, especially under the selection pres-
sure of antibiotic use. Tetracycline resistance genes (tetA, 
tetB, and tedC) were detected in 88.88%, 22.22% and 22.22% 
respectively of the isolates. This result is common as tetA has 
been reported to be widely distributed among Salmonella iso-
lates of animal origin. Tetracycline is a broad spectrum anti-
bacterial agent commonly used in the treatment of animals 
and human. Thus the isolates could have acquired these genes 
from other enteric bacteria via horizontal transfer of plasmids 
and transposons [8]. The blaTEM genes, which code the 
β-lactamases, have a tendency to mutate and secrete enzymes 
with the extended spectrum of activity, this could have ac-
counted for the high resistance to ampicillin in the study pop-
ulation [13], and similarly, the blaTEM gene was detected in 
Table 6. Antibiotic resistance gene expression studies contributing to antimicrobial resistance.  Numbers express the level of gene expression (fold change*)
Isolate
Gen Salm 1 Salm 6 Salm 12 Salm 5.1 Salm 7.1 Salm 4 Salm 7 Salm 8 Salm 11
tetA 0.54 0.14 0.20 0.58 – 0.66 0.80 1.01 1.01
tetB – – – – – – – 0.16 1.09
tetC – – – – – – – 0.44 1.05
sul I 0.27 – – – – 1.03 – – –
sul II 0.30 – 1.13 0.52 – 0.22 0.16 0.31 0.36
sul III – – – 0.64 – – 0.87 0.98 –
sodC1 – – 0.97 – – – – 1.42 1.67
blaTEM 0.50 0.78 0.77 0.93 – 0.64 0.86 0.89 1.02
gyrB 1.32 0.97 0.98 0.89 0.60 0.91 0.78 0.95 1.00
cmlA 0.62 0.29 0.28 0.76 – 0.64 0.79 1.00 –
cat2 – – – 0.84 – – 0.95 0.92 –
floR 1.44 0.17 – 1.31 1.52 0.83 0.17 0.95 0.87
avrA 1.15 1.03 1.14 1.40 1.40 – 0.47 0.58 0.68
ssaQ 1.15 1.02 1.12 0.81 1.01 0.87 0.89 0.98 0.83
mgtC 0.35 – 1.11 0.76 0.42– 0.64 – 0.84 0.81
aph3-IIa 0.07 – – – – 0.66 – 0.71 1.11
aph A1 – – – – – 0.67 – – 1.10
aadA 0.93 0.96 1.15 1.03 1.40 0.58 0.76 0.70 0.64
aac3-IIa – – – – – – – 0.31 1.07
strA – – 0.97 – – – – – 1.09
* Means of the relative expression of the antibiotic resistant genes and 16S rRNA gene from all MDR Salmonella isolates analyzed as inidicated in Materials 
and methods description. – Negative gene expression
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100% of ampicillin resistant isolates, and one susceptible 
strain (Salm 1) in the study. 
Aminoglycosides, particularly streptomycin and gentami-
cin are often used for the treatment of animals and humans in 
Vietnam. This could also explain the moderate to high acqui-
sition and detection of aadA gene encoding for aminoglyco-
side resistance in 100% of the isolates. The aadA family of 
genes encode aminoglycoside-3″-adenylyltransferases, which 
confer resistance to streptomycin and spectinomycin by ade-
nylation mechnism[38]. In addition, sulfonamide resistance 
in Gram-negative bacteria arises from the acquisition of either 
of the two genes, sul I or sul II, encoding forms of dihydrop-
teroate synthase that are not inhibited by the drug [13]. In the 
present study, resistance to sulfamethoxazole was highly ex-
pressed in sul II gene (6 isolates). Genes sul II are located on 
small nonconjugative plasmids [33] or on a large transmissi-
ble multi-resistance plasmid. The presence of sul II resistance 
genes may be as a result of successive pressure exerted by 
sulfonamides and other antimicrobial agents commonly used. 
These results were similar to previous studies in other Euro-
pean countries [13,22]. Sul III is the new sulfonamide resis-
tance gene, has been detected in Gram-negative bacteria such 
as Salmonella [18]. In our study, the sul III gene has now been 
identified in 4 Salmonella isolates. 
The consumption of sulfonamides for veterinary use is 
also generally widespread in Vietnam, particularly in the 
small farmers and directly sells retail meat to the market. 
Thus, the appearance of a newly described gene and the si-
multaneous presence of several sul genes may reflect antibi-
otic abuse in local animal husbandry. In addition, the present 
study found that antimicrobial resistance genes expression did 
not correlate with the number of antibiotics to which a par-
ticular strain showed resistance, e.g., the multidrug-resistant 
isolates (Salm 5.1, Salm 7 and Salm 8) and (Salm 6, Salm 12) 
shared identical phenotype profile (AM, S, C, TE, SXT) and 
(AM, S, TE) respectively, but exhibited different antimicro-
bial resistance gene profiles. Multiple mechanisms contribute 
to the development of resistance to antimicrobial agents in 
Salmonella, including enzyme production to inactivate anti-
microbial agents, reduction of cell permeability, activation of 
the antimicrobial efflux pump and drug target modification. 
Moreover, the resistance genes could be transferred between 
organisms via transformation, transduction, and conjugation 
[14] . A large number of genes are inlved in these pathways 
and in gene regulation. In some cases, gene presence may not 
relate to the actual resistance phenotype, and a single gene 
may not solely be responsible for the resistance profiles. 
Taken together, the results have shown the various antibi-
otic resistance genes are widely distributed in the MDR Sal-
monella isolated in retail meat in Hanoi. However, the rela-
tionship between the prevalence of an antibiotic resistance 
gene expression and the antimicrobial resistant phenotype 
was not clearly defined in some Salmonella isolates. There-
fore, to control the further emergence of antimicrobial resis-
tance, monitoring the food processing and the prudent use of 
antibiotics in animal husbandry is essential. 
Acknowledgements. This research is funded by Vietnam National 
Foundation for Science and Technology Development (NAFOSTED) under 
grant number 106-NN.04-2015.41. V.T.N. is grateful to the Medical Microbi-
ology Department, Vietnam National Institute of Burns for assistance in An-
tibiotic susceptibility testing.
Competing interests. None declared.
References
1. Ahmed AM, Shimamoto T, Shimamoto T (2014) Characterization 
of integrons and resistance genes in multidrug-resistant Salmonella 
enterica isolated from meat and dairy products in Egypt. Int J Food 
Microbiol 39-44
2. Andoh LA, Dalsgaard A, Obiri-Danso K, Newman MJ, Barco L, Ol-
sen JE (2016) Prevalence and antimicrobial resistance of Salmonella 
serovars isolated from poultry in Ghana. Epidemiol Infect 15:3288-
3299
3. Boonmar S, Morita Y, Pulsrikarn C, Chaichana P, Pornruagwong S, 
Chaunchom S, Sychanh T, Khounsy T, Sisavath D, Yamamoto S, 
Sato H, Ishioka T, Noda M, Kozawa K, Kimura H (2013) Salmonella 
prevalence in meat at retail markets in Pakse, Champasak Province, 
Laos, and antimicrobial susceptibility of isolates. J Glob Antimicrob 
Resist 3:157-161
4. Cabrera-Diaz E, Barbosa-Cardenas CM, Perez-Montano JA, Gon-
zalez-Aguilar D, Pacheco-Gallardo C, Barba J (2013) Occurrence, 
serotype diversity, and antimicrobial resistance of Salmonella in 
ground beef at retail stores in Jalisco state, Mexico. J Food Prot 
12:2004-2010
5. Cai Y, Tao J, Jiao Y, Fei X, Zhou L, Wang Y, Zheng H, Pan Z, Jiao 
X (2016) Phenotypic characteristics and genotypic correlation be-
tween Salmonella isolates from a slaughterhouse and retail markets 
in Yangzhou, China. Int J Food Microbiol 56-64
6. CDC (2013) Incidence and trends of infection with pathogens trans-
mitted commonly through food — Foodborne Diseases Active Sur-
veillance Network,10 U.S. Sites, 1996–2012. Weekly Report 62: 
283-287
7. Choi D, Chon JW, Kim HS, Kim DH, Lim JS, Yim JH, Seo KH 
(2015) Incidence, antimicrobial resistance, and molecular charac-
teristics of nontyphoidal Salmonella including extended-spectrum 
Int. MIcrobIol. Vol. 19, 2016 NGHIEM ET AL.92
beta-lactamase producers in retail chicken meat. J Food Prot 
11:1932-1937
8. Chopra I, Roberts M (2001) Tetracycline antibiotics: mode of ac-
tion, applications, molecular biology, and epidemiology of bacterial 
resistance. Microbiol Mol Biol Rev 2:232-260 
9. CLSI (2015) Performance standards for antimicrobialsusceptibil-
ity testing. In twenty-fifth informational supplement (M100-S25). 
Clinical and Laboratory Standards Institute, Wayne, PA, USA
10. Dalton CB, Gregory J, Kirk MD, Stafford RJ, Givney R, Kraa E, 
Gould D (2004) Foodborne disease outbreaks in Australia, 1995 to 
2000. Commun Dis Intell Q Rep 2:211-224
11. Deekshit VK, Kumar BK, Rai P, Srikumar S, Karunasagar I, Karuna-
sagar I (2012) Detection of class 1 integrons in Salmonella Weltevre-
den and silent antibiotic resistance genes in some seafood-associated 
nontyphoidal isolates of Salmonella in south-west coast of India. J 
Appl Microbiol 6:1113-1122 
11b.Donado-Godoy P, Byrne BA, Leon M, Castellanos R, Vanegas C, 
Coral A, Arevalo A, Clavijo V, Vargas M, Romero Zuniga JJ, Tafur 
M, Perez-Gutierrez E, Smith WA (2015) Prevalence, resistance pat-
terns, and risk factors for antimicrobial resistance in bacteria from 
retail chicken meat in Colombia. J Food Prot 4:751-759
12. Dumas JL, van Delden C, Perron K, Kohler T (2006) Analysis of 
antibiotic resistance gene expression in Pseudomonas aeruginosa 
by quantitative real-time-PCR. FEMS Microbiol Lett 254:217-225.
13. Enne VI, Livermore DM, Stephens P, Hall LM (2001) Persistence 
of sulphonamide resistance in Escherichia coli in the UK despite 
national prescribing restriction. Lancet 9265:1325-1328
14. Foley SL, Lynne AM (2008) Food animal-associated Salmonella 
challenges: pathogenicity and antimicrobial resistance. J Anim Sci 
14 Suppl:E173-187
15. Foley SL, Nayak R, Hanning IB, Johnson TJ, Han J, Ricke SC (2011) 
Population dynamics of Salmonella enterica serotypes in commer-
cial egg and poultry production. Appl Environ Microbiol 13:4273-
4279
16. Folster JP, Grass JE, Bicknese A, Taylor J, Friedman CR, Which-
ard JM (2016) Characterization of resistance genes and plasmids 
from outbreaks and illness clusters caused by Salmonella resistant 
to ceftriaxone in the United States, 2011-2012. Microb Drug Resist 
23:188-193
17. Gomez-Lus R (1998) Elution of bacterial resistance to antibiotics 
during the last three decades. Int Microbiol 4:279-284
18. Guerra B, Junker E, Helmuth R (2004) Incidence of the recently de-
scribed sulfonamide resistance gene sul3 among German Salmonella 
enterica strains isolated from livestock and food. Antimicrob Agents 
Chemother 7:2712-2715
19. Gyles CL (2008) Antimicrobial resistance in selected bacteria from 
poultry. Anim Health Res Rev 2:149-158
20. Hendriksen RS (2002) Susceptibility testing of Salmonella using disk 
diffusion. 3rd Ed. World Health Organization-WHO: USA; 2002
21.  Katoh R, Matsushita S, Shimojima Y, Ishitsuka R, Sadamasu K, Kai 
A (2015) Serovars and drug-resistance of Salmonella strains isolated 
from domestic chicken meat in Tokyo (1992-2012). Kansenshogaku 
Zasshi 1:46-52
22.  Kerrn MB, Klemmensen T, Frimodt-Moller N, Espersen F (2002) 
Susceptibility of Danish Escherichia coli strains isolated from uri-
nary tract infections and bacteraemia, and distribution of sul genes 
conferring sulphonamide resistance. J Antimicrob Chemother 
4:513-516
23.  Leung KY, Ruschkowski SR, Finlay BB (1992) Isolation and char-
acterization of the aadA aminoglycoside-resistance gene from Sal-
monella choleraesuis. Mol Microbiol 17:2453-2460
24.  Li R, Lai J, Wang Y, Liu S, Li Y, Liu K, Shen J, Wu C (2013) Preva-
lence and characterization of Salmonella species isolated from pigs, 
ducks and chickens in Sichuan Province, China. Int J Food Micro-
biol 1:14-18
25.  Li YC, Pan ZM, Kang XL, Geng SZ, Liu ZY, Cai YQ, Jiao XA 
(2014) Prevalence, characteristics, and antimicrobial resistance pat-
terns of Salmonella in retail pork in Jiangsu province, eastern China. 
J Food Prot 2:236-245
26.  Little CL, Richardson JF, Owen RJ, de Pinna E, Threlfall EJ (2008) 
Prevalence, characterisation and antimicrobial resistance of Campy-
lobacter and Salmonella in raw poultrymeat in the UK, 2003-2005. 
Int J Environ Health Res 6:403-414
27.  Medeiros MA, Oliveira DC, Rodrigues Ddos P, Freitas DR (2011) 
Prevalence and antimicrobial resistance of Salmonella in chicken 
carcasses at retail in 15 Brazilian cities. Rev Panam Salud Publica 
6:555-560
28.  Mihaiu L, Lapusan A, Tanasuica R, Sobolu R, Mihaiu R, Oniga O, 
Mihaiu M (2014) First study of Salmonella in meat in Romania. J 
Infect Dev Ctries 1:50-58
29.  Miranda JM, Mondragón AC, Martinez B, Guarddon M, Rodríguez 
JA (2009) Prevalence and antimicrobial resistance patterns of Sal-
monella from different raw foods in Mexico. J Food Prot 5:966-971
30.  Nguyen DT, Kanki M, Nguyen PD, Le HT, Ngo PT, Tran DN, Le 
NH, Dang CV, Kawai T, Kawahara R, Yonogi S, Hirai Y, Jinnai M, 
Yamasaki S, Kumeda Y, Yamamoto Y (2016) Prevalence, antibiotic 
resistance, and extended-spectrum and AmpC beta-lactamase pro-
ductivity of Salmonella isolates from raw meat and seafood samples 
in Ho Chi Minh City, Vietnam. Int J Food Microbiol XX:115-122
31.  Noda T, Murakami K, Etoh Y, Okamoto F, Yatsuyanagi J, Sera N, 
Furuta M, Onozuka D, Oda T, Asai T, Fujimoto S (2015) Increase in 
resistance to extended-spectrum cephalosporins in Salmonella iso-
lated from retail chicken products in Japan. PLoS One 2:e0116927
32.  Sinwat N, Angkittitrakul S, Coulson KF, Pilapil FM, Meunsene D, 
Chuanchuen R (2016) High prevalence and molecular characteris-
tics of multidrug-resistant Salmonella in pigs, pork and humans in 
Thailand and Laos provinces. J Med Microbiol 10:1182-1193
33.  Skold O (2000) Sulfonamide resistance: mechanisms and trends. 
Drug Resist Updat 3:155-160
34.  Solghan SM, Dumas NB, Root TP, Quinlan TM, Armstrong LR, 
Spina NL, Zansky SM (2010) Multidrug-resistant nontyphoidal Sal-
monella in New York state's foodborne diseases active surveillance 
network counties. Foodborne Pathog Dis 2:167-173
35.  Ta YT, Nguyen TT, To PB, Pham da X, Le HT, Thi GN, Alali WQ, 
Walls I, Doyle MP (2014) Quantification, serovars, and antibiotic 
resistance of Salmonella isolated from retail raw chicken meat in 
Vietnam. J Food Prot 1:57-66
36.  Thai TH, Lan NT, Hirai T, Yamaguchi R (2012) Antimicrobial resis-
Int. MIcrobIol. Vol. 19, 2016 93SALMONELLA SPP. FROM RETAIL MEAT
tance in Salmonella serovars isolated from meat shops at the markets 
in North Vietnam. Foodborne Pathog Dis 11:986-991
37.  Thong KL, Modarressi S (2011) Antimicrobial resistant genes asso-
ciated with Salmonella from retail meats and street foods. Food Res 
International 9:2641-2646
38.  Tirziu E, Lazar R, Sala C, Nichita I, Morar A, Seres M, Imre K 
(2015) Salmonella in raw chicken meat from the Romanian seaside: 
frequency of isolation and antibiotic resistance. J Food Prot 5:1003-
1006
39.  Tollefson L, Altekruse SF, Potter ME (1997) Therapeutic antibiotics 
in animal feeds and antibiotic resistance. Rev Sci Tech 2:709-715
40. Wouafo M, Nzouankeu A, Kinfack JA, Fonkoua MC, Ejenguele G, 
Njine T, Ngandjio A (2010) Prevalence and antimicrobial resistance 
of Salmonella serotypes in chickens from retail markets in Yaounde 
(Cameroon). Microb Drug Resist 2:171-176
41.  Yan H, Li L, Alam MJ, Shinoda S, Miyoshi S, Shi L (2010) Preva-
lence and antimicrobial resistance of Salmonella in retail foods in 
northern China. Int J Food Microbiol 3:230-234
42.  Zewdu E, Cornelius P (2009) Antimicrobial resistance pattern of 
Salmonella serotypes isolated from food items and personnel in Ad-
dis Ababa, Ethiopia. Trop Anim Health Prod 2:241-249
 

